ABSTRACT. In this paper we develop an L, Fourier-Feynman theory for a class of functionals on Wiener space of the form F ( x )= f (Jl J : a ld x , . . . , and x ) .
INTRODUCTION AND PRELIMINARIES
The concept of an L1 analytic Fourier- In this paper we first develop an Lp Fourier-Feynman theory for a class of functionals not considered in [I, 3, 61. We next define a convolution product for functionals on Wiener space and then show that the Fourier-Feynman transform of the convolution product is a product of Fourier-Feynman transforms.
In Definition. Let q # 0 be a real number. For 1 < p 5 2 we define the Lp analytic Fourier-Feynman transform T,@)(F) of F by the formula (3, E C+) whenever this limit exists. We define the L1 analytic Fourier-Feynman transform TJ1)(F) of F by the formula for s-a.e. y . We note that for 1 5 p 5 2 , T$)(F) is defined only s-a.e.
We also note that if T$)(F1) exists and if Fl = F 2 , then T,@)(F2) exists and
Definition. Let Fl and F2 be functionals on Co[O, TI. For 3, E C," we define their convolution product (if it exists) by Remark. Our definition of convolution is different than the definition given by Yeh in [9] . For one thing, our convolution product is commutative; that is to say (Fl* F2)* = (F2* F1)*. Next we briefly describe a class of functionals for which we establish the existence of T,@)(F). Let n be a positive integer, and let a1 , a2, . . . , an be an orthonormal set of functions in L2[0, TI. We start with some preliminary lemmas. Proof. We firstnotethat forall ( 1 , d ) e C 7 x R n , ( 1 ; ) 5 1 1 Ilflll.
Then (i) follows from a standard argument and the dominated convergence theorem establishes (ii). To establish (iii) let p E M(Rn),the dual of Co(Rn).
By the dominated convergence theorem, Our first theorem, which is a direct consequence of Lemma 2.2, shows that the analytic L1 Fourier-Feynman transform exists for all F in dn(') .
Theorem 2.1. Let F E dn(') be given by (1.7). Then T,(')(F)exists for all real q # 0 and where g is given by (2.2).
Remark. When 1 < p 5 2 and ReiZ = 0 , the integral in (2.2) should be interpreted in the mean just as in the theory of the Lp Fourier transform [8] . 
Theorem 2.2. Let 1 < p 5 2 , and let F E &@) be given by (1.7). Then the Lp analytic Fourier-Feynman transform of F , T~) ( F )
exists
,p j T a n d y ) which goes to zero as 1--iq by (2.5). Thus T~' ( F ) exists, belongs to &(P') and is given by (2.4).
The following example generates an interesting set of functionals belonging to dn@) . Proof. Proceeding as in the proof of Lemma 2.1, we obtain for all 1 E C!+ ,
where g(1; w')) is given by (2.2) and Note that in the case p = 2 , p' = 2 , and so for (2) Next we make the transformation and r, = 2-lJ2(uj-u j )
for j = 1 , 2 , . . . , n . The Jacobian of this transformation is one and
Hence for A > 0, using (2.1) and (2.2),we see that
The following hold for all Theorem 3.2. Finally we note that (iv) follows directly from (i) and (iii) while (v) is immediate. EI In our next theorem we show that the Fourier-Feynman transform of the convolution product is the product of transforms. Remark. Throughout this paper, for simplicity we assumed that {al , ... , a,)
was an orthonormal set of functions in L2[0, TI . However, all of our results hold provided that {a1, ... , a n ) is a linearly independent set of functions from L2[0, TI .
